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@ A semiconductor device formed at a substrate 
surface region is coated with a non-doped CVD 
silicon oxide film (110), and an planarized interlayer 
insulating film composed of a BPSG film (120), a 
first ozone-TEOS NSG film (130A) and a second 
ozone- TEOS NSG film (131) is formed on the silicon 
oxide film (1 TO). The BPSG film (120) has a thick- 
ness of not less than 50 nm but not greater than 200 

FIGURE 3D 



nm, and is heat-treated at a temperature of not lower 
than 700 *C but not higher than 800 *C In addition, 
the first and second zone-TEOS NSG films 
(130A.131) are also heat-treated at a temperature of 
not lower than 700° C but not higher than 800° C. 
After the heat treatment the first ozone-TEOS NSG 
film (130) is planarized by the etch-back of a dummy 
layer (140) (e.g. SOG). 
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Background of the Invention 

Field of the invention 

The present invention relates to a semiconduc- 
tor device and a method for manufacturing the 
same. More specifically, the present invention re- 
lates to an interlayer insulating film formed be- 
tween a lower level wiring conductor layer formed 
of a refractory conductor material and an upper 
level wiring conductor formed of an aluminum type 
metal film. 

Description of related art 

In a conventional semiconductor device, such 
as a MOS semiconductor device, having an upper 
level wiring conductor formed of an aluminum type 
metal film, an interlayer insulating film formed of a 
BPSG (borophosphosilicate glass) film has been 
widely used. For example, this MOS semiconductor 
device has been essentially manufactured as fol- 
lows: A semiconductor device having a diffusion 
layer and a polysilicon wiring conductor at a silicon 
substrate surface is formed, and a non-doped in- 
sulating film is formed on a whole surface of the 
substrate. Thereafter, a BPSG film is formed on a 
whole surface of the non-doped insulating film. The 
non-doped insulating film is provided for the pur- 
pose of preventing phosphorus or boron contained 
in the BPSG film from being diffused into the 
diffused layer. The BPSG film is ref lowed by a 
heat-treatment for example in a nitrogen or steam 
atmosphere at a temperature on the order of 
900 * C, so that the surface is smoothed. In order to 
ref low the BPSG film, a temperature of not less 
than 850 *C is required. An opening is formed 
through the BPSG film and the non-doped insulat- 
ing film, and an upper level wiring conductor com- 
posed of an aluminum type metal film is formed. A 
main reason for adopting the BPSG film as the 
interlayer insulating film lies on a gettering property 
and on a reflow property. 

With advanced microminiaturization of semi- 
conductor devices, a problem occurs in connection 
with the reflow of the BPSG film in the case that 
the interlayer insulating film is formed of only the 
BPSG film. 

Now, referring to Figures 1A and 1B which are 
sectional views of a semiconductor device, and to 
Figure 2 which is a graph showing a step coverage 
of the BPSG film, explanation will be made on the 
fact that when a BPSG film is deposited, a void 
occurs dependently upon the step coverage of the 
BPSG film. 

Firstly, as shown in Figure 1A, a silicon oxide 
film 2t1A is formed on a P-type silicon substrate 
201 A, and a polysilicon gate electrode 206A is 



formed on the silicon oxide film 211 A. Then, a 
BPSG film 220 of a thickness "b" is formed on the 
whole surface. This case will be now examined. 
The concentration of each of phosphorus and bo- 

s ron contained in this BPSG film 220 is b mol%. 
Here, it is assumed that a minimum thickness of 
the BPSG film formed on a side surface of the 
polysilicon gate electrode 206A is "a", in this case, 
a factor "a/b" is a parameter showing the step 

io coverage, and the dependency of the parameter 
"a/V upon the thickness "b" of the BPSG film 220 
is as shown in Figure 2. Namely, if the thickness 
"b" of the BPSG film 220 is not larger than 200 
nm, the step coverage of the as-deposited film is 

js very excellent, but if the thickness "b" of the BPSG 
film 220 is larger than 200 nm, the step coverage 
of the as-deposited film becomes bad. However, if 
the thickness "b" of the BPSG film 220 is not 
larger than 200 nm, a stray capacitance formed 
20 between the polysilicon gate electrode and the 
upper level wiring conductor composed of alumi- 
num type metal film becomes large. This is not 
preferable. 

Next, the case that the thickness "b" of the 
25 BPSG film 220 is larger than 200 nm, will be 
examined. As shown in Figure 2B, a silicon oxide 
film 21 1 B is formed on a P-type silicon substrate 
201 B, and a plurality of polysilicon gate electrodes 
206B are formed on the silicon oxide film 21 IB 
30 with intervals of 0.5 urn. Then, a BPSG film 221 
having a thickness of for example 250 nm is 
formed on the whole surface. The concentrations of 
phosphorus and boron contained in the BPSG film 
221 are the same as those of the phosphorus and 
35 the boron contained in the BPSG film 220, respec- 
tively. In this case, if the step coverage is excellent, 
the surface of the as-deposited BPSG film 221 
should be substantially planar. Actually, however, 
voids 215 occur in the as-deposited BPSG film 
40 211, as will be readily understood from the result 
shown in Figure 2. 

These void 215 will disappear when the BPSG 
film 211 is reflowed. For this reflow treatment, a 
temperature of not less than 850 ■ C is required as 
45 mentioned hereinbefore. However, if the heat-treat- 
ment is performed at a temperature of not less 
than 800 *C, a depth of junction will increase in 
source/drain regions of a MOS transistor, with the 
result that a so-called short channel effect be- 
so comes large. This phenomenon is remarkable, par- 
ticularly in a P-channel MOS transistor. Because of 
this reason, the interlayer insulating film formed of 
the reflowed BPSG film is not suitable in a semi- 
conductor integrated circuit including micro- 
55 miniaturized semiconductor devices. 

Recently, as an insulating film having an ex- 
cellent step coverage, attention is focused on a 
non-doped silicon oxide film formed by a chemical 



2 



3 



EP 0 599 317 A1 



4 



vapor deposition process using ozone (Oa) and 
tetraethoxysilane (Si(0C 2 H & )*, called "TEOS" 
hereinafter). This non-doped silicon oxide film will 
be called an "ozone-TEOS NSG film" hereinafter. 
Here, "NSG is an abbreviation of a "non-doped 5 
silicate glass". 

However, if the interlayer insulating film is 
formed of only the ozone-TEOS NSG film, other 
problems will occur. One of the other problems is 
that the ozone-TEOS NSG film itself has no get- w 
tering function. In addition, the as-deposited ozone- 
TEOS NSG film has a high moisture content, and 
therefore, a heat- treatment is required. During the 
heat-treatment, however, the moisture moves to the 
semiconductor devices. Therefore, if the interlayer is 
insulating film is formed of only the ozone-TEOS 
NSG film, an electrical characteristics of the semi- 
conductor devices is deteriorated. 

Summary of the Invention 20 

Accordingly, it is an object of the present in- 
vention to provide a semiconductor device and a 
method for manufacturing the same, which have 
overcome the above mentioned defect of the con- 25 
ventional one. 

Another object of the present invention is to 
provide an interlayer insulating film which has a 
gettering function and an excellently planarized 
surface and which never deteriorates the electrical 30 
characteristics of semiconductor devices, in a 
semiconductor integrated circuit including micro- 
miniaturized semiconductor devices, and a method 
for manufacturing such an interlayer insulating film. 

The above and other objects of the present 35 
invention are achieved in accordance with the 
present invention by a semiconductor device hav- 
ing at least a diffusion layer and a polysilicon 
wiring conductor formed at a silicon substrate sur- 
face, a lower level wiring conductor layer including 40 
at least the diffusion layer, wherein the improve- 
ment is that an interlayer insulating film between 
the lower level wiring conductor layer and an upper 
level wiring conductor includes an interlayer in- 
sulating film having a planarized surface, which 45 
includes at least a 8PSG film and a non-doped 
silicon oxide film deposited on the BPSG film by a 
chemical vapor deposition process using ozone 
and tetraethoxysilane. 

Preferably, the BPSG film has a thickness of 50 
not less than 50 nm but not greater than 200 nm. 

According to another aspect of the present 
invention, there is provided a method for manufac- 
turing a semiconductor device, comprising the 
steps: forming a semiconductor device having a 55 
diffusion layer and a polysilicon wiring conductor at 
a silicon substrate surface, and forming a non- 
doped insulating film on a whole surface of the 



substrate; iorming, on the non-doped insulating 
film, a BPSG film having a thickness of not less 
than 50 nm but not greater than 200 nm, and then, 
performing a first heat-treatment; forming, on the 
BPSG film, a non-doped silicon oxide film by a 
chemical vapor deposition process using ozone 
and tetraethoxysilane, and then; performing a sec- 
ond heat-treatment; forming an insulative dummy 
layer on a surface of the non-doped silicon oxide 
film, and then, performing an etching-back treat- 
ment until the insulative dummy layer is completely 
removed, so that a surface of the non-doped silicon 
oxide film is planarized; forming openings through 
the BPSG film and the non-doped silicon oxide film 
so as to reach the diffusion layer and the poly- 
silicon wiring conductor, respectively; and forming 
an upper level wiring conductor formed of an alu- 
minum type metal film on the planarized non-dop- 
ed silicon oxide film, in contact with the diffusion 
layer and the polysilicon wiring conductor through 
the openings, respectively. 

Preferably, each of the first and second heat- 
treatments is performed at a temperature of not 
lower than 700 * C but not higher than 800 * C. 

The above and other objects, features and ad- 
vantages of the present invention will be apparent 
from the following description of preferred embodi- 
ments of the invention with reference to the accom- 
panying drawings. 

Brief Description of the Drawings 

Figures 1A and 1B are sectional views for illus- 
trating the problem of the conventional semicon- 
ductor device; 

Figure 2 is a graph showing the step coverage 
of the BPSG film, for illustrating the problem of 
the conventional semiconductor device; 
Figures 3A to 3D are sectional views for illustrat- 
ing the manufacturing process of the first em- 
bodiment of the present invention; 
Figures 4A and 4B are of sectional views for 
illustrating the advantage of the first embodi- 
ment of the present invention; 
Figure 5 is a graph showing the change of the 
moisture content ratio of the ozone-TEOS NSG 
film dependent upon the heat-treatment tem- 
perature, for illustrating the first embodiment of 
the present invention; 

Figure 6 a graph showing the dependency of 
the threshold voltage V TH of the N-channel MOS 
transistor upon the gate length L, for illustrating 
the first embodiment of the present invention; 
and 

Figure 7 is a sectional view for illustrating the 
second embodiment of the present invention. 
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Description of the Preferred embodiments 

Now, the preset invention will be described 
with refererv- - 

Referring u i Figures 3A to 

3D illustrating the - . .. process of the 
semiconductor device, a w»\. embodiment of the 
present invention will be formed as follows: 

As shown in Figure 3A, on a principal surface 
of a P-type silicon substrate 101 A having a specific 
resistance on the order of 1 Q*cm, there is formed 
a device isolation region composed of a P-type 
channel stopper 102A and a field oxide film 103A 
having a thickness on the order of 500 nm. In a 
device formation region defined or surrounded by 
the device isolation region, a gate oxide film 104A 
having a thickness on the order of 1 5 nm is formed 
on the principal surface of the silicon substrate 
101 A. In addition, a channel doped layer 105 is 
also formed by ion-implanting boron at the dose on 
the order c?3x 10 12 cm" 2 to the principal surface 
of the silicon substrate 101 A. An opening (not 
shown) is formed at predetermined positions of the 
gate oxide film 104A. 

Next, an N + polysilicon film having a thickness 
on the order of 300 nm is formed on the whole 
surface of the substrate, and then, patterned by a 
conventional photolithography and dry etching so 
as to form polysilicon gate electrodes 106A having 
a gate length ( = L) of 0.4 nm. Thereafter, by using 
the gate electrodes 106A as a mask, phosphorus is 
ion-implanted at the dose on the order of 1 x 10 13 
cm" 2 with an acceleration energy on the order of 
30 KeV, so as to form an N~ diffusion layer 107 at 
the principal surface of the P-type silicon substrate 
101 A. Furthermore, a non-doped CVD silicon oxide 
film 108 having a thickness on the order of 150 nm 
is formed on the whole surface at a deposition 
temperature of 800 • C (Figure 3A). 

Then, the CVD silicon oxide film 108 is etched 
back by an anisotropic dry etching, so that a spac- 
er 108A formed of the CVD silicon oxide film 108 is 
formed on each side surface of the polysilicon gate 
electrodes 106A. as shown in Figure 3B. In addi- 
tion, by using the gate electrodes 106A having 
each side surface coated with the spacer 108A as 
a mask, arsenic is ion-implanted at the dose on the 
order of 5 x 10 ,s cm -2 with an acceleration energy 
on the order of 30 KeV, so as to form an N + 
diffusion layer 109A at the principal surface of the 
P-type silicon substrate 101 A. 

Furthermore, a non-doped CVD silicon oxide 
substrate 110 having a thickness on the order of 50 
nm is formed on the whole surface. This CVD 
silicon oxide film 110 is provided to prevent phos- 
phorus or boron from being diffused from a BPSG 
film formed in a next step, into the silicon substrate 
101 or tile N" diffusion layer 107 and the N + 



diffusion layer 109A. 

Thereafter, a BPSG film 120 having a thickness 
on the order of 100 nm is formed by a CVD 
process. In this BPSG film 120, the concentration 
5 of boron is about 5 mol% and the concentration of 
phosphorus is about 5 mol%. The thickness of this 
BPSG film 120 is preferably not less than 50 nm 
but not greater than 200 nm. 

The upper limit of the thickness of the BPSG 
jo film 120 is attributable to the following: As shown in 
Figure 2, if the film thickness is not greater than 
200 nm, the step coverage of the BPSG film is 
very excellent, but if the film thickness is greater 
than 200 nm, the step coverage of the BPSG film 
»5 becomes bad. On the other hand, the lower limit of 
the thickness of the BPSG film 120 is attributable 
to the following: The BPSG film 120 getters exter- 
nal impurities such as sodium, so that the BPSG 
film 120 functions as a passivation film for protect- 
20 ing the semiconductor device. The BPSG film is 
required to have the thickness of at least 50 nm in 
order to function as the passivation film. 

Then, a first heat-treatment is performed on 
this BPSG film 120 at a temperature of not lower 
zs than 700 * C but not higher than 800 * C. The reason 
for performing the heat-treatment at a temperature 
of not higher than 800 * C is to prevent increase of 
the depth of junction in the N + diffusion layer 109A. 
With this feature, it is possible to suppress in- 
30 crease of a short-channel effect of, for example, a 
MOS transistor. In addition, the reason for perform- 
ing the heat- treatment at a temperature of not less 
than 700 * C is to remove moisture contained in the 
as-deposited BPSG film. This first heat-treatment is 
35 not for the purpose of refiowing the BPSG film. 

Next, an ozone-TEOS NSG film 130 is formed 
on the whole surface by a chemical vapor deposi- 
tion process (atmospheric pressure CVD) at a tem- 
perature of 400 *C, using ozone (O3) and TEOS 
40 (Si(OC 2 H5)4. The flow rate of {ozone : TEOS} is 10 
: 1. A planar property of the as-deposited ozone- 
TEOS NSG film 130 will be discussed hereinafter. 
Succeedingly, a second heat-treatment is per- 
formed at a temperature of not lower than 700 *C 
45 but not higher than 800 * C. The temperature range 
of this second heat-treatment will be also dis- 
cussed hereinafter. 

Thereafter, an SOG film (spin on glass) 140 is 
coated on the whole surface. This SOG film 140 
so has a thickness on the order of 300 nm at its 
thickest portion. The SOG film 140 is baked at a 
temperature of 100*C, and thereafter, a heat-treat- 
ment is performed in a nitrogen (N 2 ) atmosphere at 
a temperature of 400 *C (Figure 3B). 
55 Then, an etching-back treatment is performed 

until the SOG film 140 is completely removed. With 
this treatment, the ozone-TEOS NSG film 130 be- 
comes a ozone-TEOS NSG film 130a having a 
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planarized surface, as shown in Figure 3C. Here, in 
place of the SOG film 140, a photoresist film can 
be formed on the ozone-TEOS NSG film 130, and 
then, an etching-back treatment can be performed. 

Here, openings may be formed at a predeter- 
mined position to reach the polysilicon gate elec- 
trode 106A and at another predetermined position 
to reach the N + diffusion layer 109A, respectively. 
However, the surface of the ozone-TEOS NSG film 
130a has minute convexities and concaves be- 
cause of the etching-back treatment. Therefore, it 
is more preferable to relax or smoothen the minute 
convexities and concaves. For this purpose, an- 
other ozone-TEOS NSG film 131 having a thick- 
ness on the order of 20 nm is formed on the whole 
surface. This ozone-TEOS NSG film 131 has a 
planar surface in an as-deposited condition. Suc- 
ceedingly, a heat-treatment is performed under the 
same condition as that of the above mentioned 
second heat-treatment. Thus, an interlayer insulat- 
ing film formed of the BPSG film 120, the ozone- 
TEOS NSG film 130 and the ozone-TEOS NSG 
film 131 which are deposited and stacked in the 
named order, is completed as shown in Figure 3D. 
Here, in place of the ozone-TEOS NSG film 131, a 
BPSG film can be formed and a heat- treatment is 
performed under the same condition as that of the 
above mentioned first heat-treatment. Alternatively, 
a SOG film can be coated and baked, in place of 
the ozone-TEOS NSG film 131. 

Thereafter, openings 150 are formed at a pre- 
determined position to reach the polysilicon gate 
electrode 106A and at another predetermined posi- 
tion to reach the N + diffusion layer 109A, respec- 
tively. In addition, an upper level wiring conductor 
160 formed of an aluminum type metal film is 
formed. Thus, a semiconductor device is com- 
pleted. 

Now, the planar property of the ozone-TEOS 
NSG film in the first embodiment will be explained 
with reference to Figures 4A and 4B which are 
sectional views of a semiconductor device. 

As shown in Figure 4A, a silicon oxide film 1 1 1 
AA is formed on a P-type silicon substrate 101AA, 
and one polysilicon gate 106AA is formed on the 
silicon oxide film 111AA. Next, an ozone-TEOS 
NSG film 132 having a thickness on the order of 
800 nm, which is sufficiently larger than the thick- 
ness of the BPSG film, is formed on the whole 
surface. Although this ozone-TEOS NSG film 132 
has a large thickness, this ozone-TEOS NSG film 
132 has an excellent step coverage in an as- 
deposited condition, differently from the BPSG film 
as shown in Figure 1A. Therefore, even in the case 
that a silicon oxide film 111 AB is formed on a P- 
type silicon substrate 101AB, and a plurality of 
polysilicon gates 106AB are formed on the silicon 
oxide film 1 1 1 AB with intervals of 0.5 urn. and 



then, an ozone-TEOS NSG film 133 having a thick- 
ness of for example 800 nm is formed on the 
whole surface as shown in Figure 4B, voids (which 
occurred in the BPSG film) do not occur. The as- 
5 deposited film has an excellent step coverage. 

Here, a supplementary explanation will be 
made on the limitation of the temperature in the 
second heat-treatment in the first embodiment. 
Since a reaction product of the chemical vapor 
w deposition process using the ozone (0 3 ) and the 
TEOS (Si(0C 2 H 5 )4 includes moisture (H 2 0), the as- 
deposited ozone-TEOS NSG film has a high mois- 
ture content as mentioned hereinbefore. Accord- 
ingly, the heat-treatment becomes necessary. Re- 
75 ferring to Figure 5 showing a change of the mois- 
ture content ratio of the ozone-TEOS NSG film 
dependent upon a heat- treatment temperature (ra- 
tio of the moisture content of the heat-treated film 
to the moisture content of the as-deposited film 
20 deposited at 400 *C), it will be noted that it is 
necessary to perform the heat-treatment at a tem- 
perature of not lower titan 700 * C (the BPSG film 
has a similar inclination). The graph of Figure 5 
was obtained by measuring an infrared absorptivity 
25 of OH group. In addition, the second heat-treatment 
at a temperature of not higher than 800 *C is 
intended to prevent increase of the depth of junc- 
tion in the N + diffusion layer 109A and others, 
similarly to the upper limit of the temperature of the 
30 first heat-treatment. 

Referring to Figure 6 which is a graph showing 
the threshold voltage V™ of an N-channel MOS 
transistor dependent upon a gate length L, if the 
gate length L is not smaller than 0.4 urn in the N- 
35 channel MOS transistor of the above mentioned 
first embodiment, the short-channel effect is not 
remarkable. In the prior art, on the other hand, the 
gate length L of not smaller than 0.7 u,m is re- 
quired in order to suppress the short-channel ef- 
40 feet. 

Referring to Figure 7 which is a sectional view 
of a semiconductor device, a second embodiment 
of the present invention is such that a lower level 
wiring conductor layer is composed of an N + diffu- 

45 sion layer 109B, a polysilicon gate electrode 106B 
formed of N + polysilicon film, and a silicide wiring 
conductor 114. In a surface of a P-type silicon 
substrate 101 B, there are formed a device isolation 
region composed of a P-type channel stopper 

so 102B and a field oxide film 103B, and a gate oxide 
film 104. The polysilicon gate electrode 106B is 
formed on the gate oxide film 104B. The poly- 
silicon gate electrode 106B, the gate oxide film 
104B and the field oxide film 103B are coated with 

55 a non-doped first interlayer insulating film 1 12. The 
silicide wiring conductor 114 is connected to the 
N + diffusion layer 109A through an opening 113 
formed in the first interlayer insulating film 112. A 
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second interlayer insulating film between the sili- 
cide wiring conductor 114 and an upper level wir- 
ing conductor (not shown) of an aluminum type 
metal film is formed by depositing a BPSG film 
121, an ozone-TEOS NSG film 134 having a 5 
planarized surface, and another BPSG film 122 in 
the named order. The conditions for forming the 
BPSG film 121 and the ozone-TEOS NSG film 134 
are the same as those for forming the BPSG film 
120 and the ozone-TEOS NSG film 130 in the first w 
embodiment, respectively. 

fn the above mentioned second embodiment, it 
is possible that the BPSG film 121 is in direct 
contact with a lower level wiring conductor, such as 
the silicide wiring conductor 114, which has no rs 
problem in connection with diffusion of conductive 
impurities. Therefore, the planar property of the 
surface of the second interlayer insulating film can 
be maintained. In addition, even if the lower level 
wiring conductor layer composed of a refractor 20 
conductor material includes a plurality of lower 
level wiring conductor layers having no problem in 
connection with diffusion of conductive impurities 
this embodiment can be applied. 

As mentioned above, the present invention is 25 
characterized in that an interlayer insulating film 
between a lower level wiring conductor layer 
formed of a refractory conductor material and all 
upper level wiring conductor formed of an alu- 
minum type metal film, includes an interlayer in- 30 
sulating film having a planarized surface, which 
includes at least a BPSG film and an ozone-TEOS 
NSG film deposited on the BPSG film. Therefore, 
the reflow of the BPSG film becomes unnecessary, 
and therefore, the restriction on microminiaturiza- 35 
tion of the semiconductor device is reduced, tn 
addition, since the BPSG film has a gettering func- 
tion, although the ozone-TEOS NSG film is in- 
cluded in the interlayer insulating film, the deterio- 
ration of the electrical characteristics of the semi- 40 
conductor device can be avoided. 

The invention has thus been shown and de- 
scribed with reference to the specific embodi- 
ments. However, it should be noted that the 
present invention is in no way limited to the details 45 
of the illustrated structures but changes and modi- 
fications may be made within the scope of the 
appended claims. 

Claims 50 

1. A semiconductor device having at least a diffu- 
sion tayer and a polysilicon wiring conductor 
formed at a silicon substrate surface, a lower 
level wiring conductor layer including at least 55 
said diffusion layer vherein the improvement 
is that an interlay:, insulating film between 
said lower level wiring conductor layer and an 



upper level wiring conductor includes an inter- 
layer insulating film having a planarized sur- 
face, which includes at least a BPSG film and 
a non-doped silicon oxide film deposited on 
said BPSG film by a chemical vapor deposition 
process using ozone and tetraethoxysilane. 

2. A semiconductor device claimed in Claim 1 
wherein said BPSG film has a thickness of not 
less than 50 nm but not greater than 200 nm. 

3. A semiconductor device claimed in Claim 1 
wherein a non-doped insulating film is formed 
between said diffusion layer and said interlayer 
insulating film. 

4. A semiconductor device claimed in Claim 1 
wherein said lower level wiring conductor layer 
also includes said polysilicon wiring conductor, 
and a non-doped insulating film is formed be- 
tween said diffusion layer and said polysilicon 
wiring conductor and said interlayer insulating 
film. 

5. A semiconductor device claimed in Claim 1 
wherein said lower level wiring conductor layer 
includes a lower level wiring conductor formed 
of a refractory conductor material and said 
upper level wiring conductor formed of an alu- 
minum type metal film. 

6. A method for manufacturing a semiconductor 
device, comprising the steps: 

forming a semiconductor device having a 
diffusion layer and a polysilicon wiring conduc- 
tor at a silicon substrate surface, and forming a 
non-doped insulating film on a whole surface 
of the substrate; 

forming, on said non-doped insulating film, 
a BPSG film having a thickness of not less 
than 50 nm but not greater than 200 nm, and 
then, performing a first heat-treatment; 

forming, on said BPSG film, a non-doped 
silicon oxide film by a chemical vapor deposi- 
tion process using ozone and tetraethox- 
ysilane, and then, performing a second heat- 
treatment; 

forming an insulative dummy layer on a 
surface of said non-doped silicon oxide film, 
and then, performing an etching-back treat- 
ment until said insulative dummy layer is com- 
pletely removed, so that a surface of said non- 
doped silicon oxide film is planarized; 

forming openings through said BPSG film 
and said non-doped silicon oxide film so as to 
reach said diffusion layer and said polysilicon 
wiring conductor, respectively; and 

forming an upper level wiring conductor 
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formed of an aluminum type metal film on said 
planarized non-doped silicon oxide film, in con- 
tact with said diffusion layer and said poly- 
silicon wiring conductor through said openings, 
respectively. 5 

7. A method claimed in Claim 6 wherein each of 
said first and second heat-treatments is per- 
formed at a temperature of not lower than 

700 * C but not higher than 800 * C. w 

8. A method claimed in Claim 6 wherein after 
said etching-back treatment is completed, an 
insulating film having a planar upper surface in 

an as-deposited condition is formed on said ?5 
planarized non-doped silicon oxide film, and 
said openings are formed through said BPSG 
film, said non-doped silicon oxide film and said 
insulating film so as to reach said diffusion 
layer and said pofysilicon wiring conductor, so 
respectively. 

9. A method claimed in Claim 8 wherein said 
insulating film is formed by coating and baking 

an SOG film on said surface of said non-doped ?s 
silicon oxide film or by forming a photoresist 
film on said surface of said non-doped silicon 
oxide film. 

10. A method claimed in Claim 6 wherein after 30 
said non-doped insulating film is formed, an 
opening is formed in said non-doped insulating 

film, and a lower level wiring conductor layer 
composed of a conductor film containing a 
refractory metal is formed; and as 

wherein there are formed openings reach- 
ing said diffusion layer, said polysilicon wiring 
conductor and said lower level wiring conduc- 
tor layer composed of said conductor film con- 
taining said refractory metal, respectively. 40 
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FIGURE 3C 
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FIGURE 4A 
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FIGURE 5 
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FIGURE 7 
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